Resource dispersion influences mammalian mating systems by affecting space use by females and in turn the strategies employed by males. Other elements related to mating interactions, however, also may affect female decisions, and it usually becomes difficult to discriminate between them. Here we present the results of experimental food supplementation during rut in the red deer (Cervus elaphus hispanicus). We provided food at 2 levels of spatial dispersion in order to test whether changes in the distribution of food within a short period of time affect spatial behavior of females or other features of the mating system. Food clumping produced an increase in local density of females using an area and in the size of female groups. It also produced an increase in number of adult males, male-male interactions, and male harassment toward females. Despite the overall rate of harassment being higher with food clumping, females received a lower per capita rate of harassment because they gathered into much larger harems. Variance in harem size increased with higher levels of food clumping. Our data show that females were highly sensitive to food distribution when joining harems, which stresses the relative importance of direct benefits (food and sexual harassment avoidance) in molding the conditions under which selection operates during rut in Iberian red deer.
Vertebrate mating systems are determined largely by the dispersion of resources that affect space use by females and in turn the strategies used by males (Emlen and Oring 1977) . In mammalian herbivores, male mating strategies are adapted to the dispersion, grouping, and predictability of occurrence of females (Jarman 1974 (Jarman , 1983 . The behavior of females during the mating season may be determined by distribution of resources as predicted in classical models (Davies 1991; Reynolds 1996) . However, some females prefer to mate at particular sites apart from feeding areas, for example, lekking systems (Höglund and Alatalo 1995). There can be other benefits besides resources associated with female behavior, such as mating with the most competitive males or avoiding harassment by adult and subadult males (Carbone and Taborsky 1996; Cassini 1999 Cassini , 2000 Clutton-Brock et al. 1996) . The relative importance of different types of benefits acting in concert is in general difficult to disentangle.
In Mediterranean ecosystems of southern Iberia, the mating season for the red deer (Cervus elaphus hispanicus) takes place during the period of lowest food availability, after the dry and hot summer. Strong seasonality is a typical feature in this kind of habitat, where rainfall concentrates in a few months (mostly in winter and spring), while summers are extremely hot and dry. Consequently, herbaceous vegetation stops growing during the summer (Herrera 1980; Olea et al. 1991 ). Under such circumstances, female distribution depends mostly on distribution of food patches where rutting males can defend mating territories (Carranza et al. 1990 ). This territorial strategy clearly differs from the defense of mobile harems, which is the main mating strategy described for red deer in northern Europe (CluttonBrock et al. 1982) , where food availability is still high during the rut so that females are not forced to clump at particular feeding sites. The shift from harem to territorial defense can be induced by providing food in areas where feeding resources are scarce and evenly distributed . In Spain, both territorial defense and harem defense coexist depending on local conditions (Carranza et al. 1996) , thus resulting in a higher variability in sets of strategies used by males and females.
For Iberian red deer, Carranza and Valencia (1999) found that distribution of females during the mating season changed in a way not predicted by the distribution of resources and suggested that harassment avoidance could be a major reason for females to clump at certain mating areas, although indirect (genetic) benefits could not be discarded. A possible way of discriminating among potential benefits is to manipulate the distribution of food, which could also affect other direct benefits, such as the rate of harassment, but cannot affect the indirect benefits associated with joining a particular harem.
The red deer in Iberia is a good species on which to carry out such an experiment because the distribution of food is likely to have a predominant role in the distribution of females during the mating season and mating strategies of males and females are likely to be highly plastic as the result of local adaptation to unpredictable conditions.
Here we present an experiment on food supplementation during rut, providing food at 2 levels of dispersion. The situation of food scarcity coupled with the patchy distribution of the remaining feeding areas occurs naturally in Spain during the rut. We were interested in the effects that changes in distribution of food at different degrees of clumping can produce in male and female behavior and in identifying which elements of the mating system are more sensitive to variations in the distribution of resources. In particular we were interested in testing the following hypotheses: spatial distribution of males and females during the mating season will match spatial distribution of food (with the alternative hypothesis being that it will be affected by interactions between individuals in the context of mating preferences or other mating behaviors); spatial aggregation of females and males will increase the rate of aggressive interactions between males; spatial aggregation of females and males will increase the overall rate of harassment, although the per capita rate of harassment that individual females receive will also depend on dilution effect caused by harem size; and spatial aggregation of food will increase mean harem size and its variance. The way in which food or associated benefits and costs for females and males affect their behavior during the rut will provide an insight into the relationship between environmental factors and conditions under which sexual selection operates.
MATERIALS AND METHODS
Study area.-The study area was located in Valero estate in the southern limit of Monfragüe Natural Park (Cáceres province, Spain: between 398429 and 398539N and 58049 and 58259W, elevation 400-800 m). Valero is 4,600 ha in area and has an estimated red deer population of about 1,650 individuals. The area is covered by holm oak (Quercus ilex) open woodland (dehesa), and the main economic use is hunting red deer and wild boar (Sus scrofa). The climate is typically Mediterranean with dry, hot summers and mild, wet winters. Annual rainfall is about 700 mm. Rains fall mostly in winter, and temperatures range from 88C in January to 268C in July and August. Seasonality is therefore the most typical feature of this habitat.
Experimental design.-An experiment consisting of food supplementation (alfalfa pellets) during red deer rut was performed in September 1998 at 4 observation sites-Chozo, Encina, Casa, and Cachumbas-separated by at least 2 km within the study area. The experimental design was as follows. First trial: the 4 observation sites were monitored without manipulation during 2 days in early rut. Second trial: supplementary food was provided daily according to 2 patterns of spatial distribution, and observations were carried out for 3 days. Two areas (Chozo and Encina) were supplemented with food according to an intermediate pattern of food concentration (dispersed, 40 kg of alfalfa pellets spread along a 1-km transect), while in the other 2 areas (Casa and Cachumbas) the food was placed in a very clumped pattern (clumped, 40 kg along a 50-m transect). Third trial: the level of food dispersion was swapped between areas: dispersed in Casa and Cachumbas and clumped in Chozo and Encina, thus avoiding a possible effect of date in the rutting season, and observations were carried out for 3 days.
We could not carry out a 2nd, posttreatment, control because the effects of the experiment lasted for a long period, and once the deer were accustomed to supplementation of food, they remained in the area for several days, even if food was not provided. Thus, we were able to compare these 3 situations: control (without food supplementation), dispersed (with a relatively dispersed pattern of food supplementation), and clumped (with a clumped pattern of food supplementation).
Food supplementation necessarily involves an increase in food availability together with food distribution. We think that providing 40 kg of alfalfa pellets/day, however, is not a very significant change in abundance of food in the area. But clearly, our provision of dispersed food represents a much more clumped situation than the control situation with an even dispersion of food, the natural plants in grazing areas. Therefore, both treatments actually represent degrees of food dispersion with respect to the natural situation rather than a manipulation of food abundance.
Data collection.-Red deer in the area have 2 peaks of activity during crepuscular periods with the sunset peak being the highest (Carranza et al. 1991) . Observations were therefore focused around sunset. Data were recorded daily from 1530 h until visibility was too low, by 1900 h (GMT), by 4 observers from hidden observatories. Deer were observed through telescopes (20-60Â) and binoculars (9 Â 21 and 10 Â 30). Each observer watched an area of about 50 ha.
Daily censuses from each observation site were carried out by scan sampling (Altmann 1974) at the beginning of the daily period of observation, recording sex and age class (calf, yearling, adult) of every individual in the observation area. These data were used to estimate temporal change in number of individuals that used each of the 4 observation sites. Further observations were performed on focal individuals or groups (Altmann 1974 ) either on adult males or on groups of females, respectively. We considered that 2 deer belonged to the same group when distance to the nearest neighbor was less than 50 m (following Clutton-Brock et al. 1982 ). Groups were not necessarily stable social units, and aggregates were not differentiated from groups. Group limits were considered on the basis of spatial proximity between individuals, including moving together.
Focal observations were performed on 36 adult males. Most (24) adult males were individually recognized by size, shape, and branching pattern of their antlers. For each individual male, only 1 focal observation per treatment was made to avoid pseudoreplication. For those males that were not individually recognizable, we were confident of not repeating observations within 1 day although not so for different days. To avoid repeating focal observations of unidentified males in different days, we selected within a single treatment the day when more different males were observed and included only data from that day in the analyses. Only data for males that were individually recognizable were used for the remaining days within the same treatment. In focal observations of males, we recorded harem size and composition (when present), number of roars in 3 min (roaring rate), number of aggressive interactions with other males (expressed as a rate per hour: aggressive interaction rate), and number of sexual harassment cases (expressed as a rate per hour: sexual harassment rate).
We consider harem size to be the number of females older than 1 year standing ,50 m from one another and within the range of rutting behavior of the focal male during our observation. The distribution of females among harems was used as an index of relative mating success among males. This assumes that harem tenure (females and days) is related to actual reproductive success in red deer (Pemberton et al. 1992 ). This index would not apply to Iberian red deer if females mated at different sites apart from the feeding areas where they form harems. This is not the case, however, as copulations have always been recorded at the rutting areas, which are mostly areas previously used by females for feeding activities (Carranza et al. 1990 ). This criterion has been used in other studies of Iberian red deer (e.g., Carranza 1995; Carranza and Valencia 1999; Carranza et al. 1995 Carranza et al. , 1996 .
In focal observations of males, aggressive interactions considered were displacing, parallel walk, initiating, and fighting (for a more detailed description, see Clutton-Brock et al. 1982) . We considered sexual harassment those cases where a male approaches a female that avoids it by quick walking or running (Carranza and Valencia 1999) .
In focal observations on female groups, we recorded size and composition of the group, whether the group was a harem (i.e., whether there was an adult male performing rutting behavior within the group), and the number of sexual harassment cases observed (toward any female of the group). We obtained 2 different harassment rates for each group; 1 of them (harassment rate per group) referred to the group as a whole and was the number of harassment cases per hour in that group, while the other (harassment rate per female) referred to the per capita rate for females within the group and was computed as the number of harassment cases per hour in the group divided by the number of females in the group.
Focal observations on a particular group were terminated if a change in composition of the group occurred; we then began focal observations on another group. We avoided observing any particular group more than once per day to ensure statistical independence. A relevant change in group composition (more than 20% of individuals) was considered enough prerequisite for independence between samples. Groups were mostly aggregates that changed very frequently within a single day and could hardly be conserved in different days. Therefore, we, as in other previous papers on this species (e.g., Carranza and Valencia 1999) , considered focal groups observed on different days as independent cases.
Statistical analysis.-Aggressive interaction rate, sexual harassment rate performed by males, and harassment rate received per group of females could not be transformed to a normal distribution, and hence they were analyzed using nonparametric tests. The remaining variables were normally distributed after transformation. Daily census size, roaring rate, and harem size were square-root transformed (Zar 1984) . Female group size was log transformed, and harassment rate per female was transformed as x ¼ log (x þ 0.5) 0.5 (Zar 1984) . To explore the relationship between male aggressive interactions and census size of males and females, we used the daily average rate of male aggressive interactions in each place and the daily census in that place. Daily average aggressive rates were computed as the mean value of aggression rates per hour of the focal males recorded within 1 day in that place and then transformed as x ¼ log (x þ 0.5) 0.5 . Individual roaring rates were compared for only 13 recognizable males for which we had at least 5 independent records.
All tests were 2 tailed, and differences were considered significant at P , 0.05. Variances were compared using Snedecor F-test (Zar 1984) . Tests a posteriori following analysis of variance (ANOVA) were Fisher planned least significant difference. Sets of tests, such as the use of Mann-Whitney U as a posteriori test, were checked with the Bonferroni correction. Values given in the text are means 6 SD of nontransformed data.
RESULTS
Effects on females.-Changes in number of females depended on treatment (control, dispersed, or clumped) but not on site (2-way ANOVA: treatment, F ¼ 17.335, d.f. ¼ 2, 15, P , 0.001; sites, F ¼ 1.301, d.f. ¼ 3, 15, P ¼ 0.58; interaction, F ¼ 0.137, d.f. ¼ 6, 15, P ¼ 0.62). Although number of females increased during the rutting period (Pearson's r ¼ 0.904, n ¼ 8, P ¼ 0.002), this was due to food supplementation since the significance disappeared if we removed the control period (without supplementary food; r ¼ 0.684, n ¼ 6, P ¼ 0.13). The number of females increased about 8-fold when we provided food under either pattern of spatial dispersion (mean number of females per observation site and per day, without food addition: 6.38 6 0.88, n ¼ 2 days; with food addition: 51.28 6 15.74, n ¼ 6 days; t ¼ 3.893, d.f. ¼ 6, P ¼ 0.008). During the period when both patterns of food addition were performed, number of females was not different, either between treatments (dispersed and clumped) or between dates (2-way ANOVA: dispersed or clumped treatment, F ¼ 0.918, d.f. ¼ 1, 13, P ¼ 0.35; date in 2 groups of 3 days, earlier or later,
Focal observations on female groups lasted 11.53 6 4.19 min on average. Group size of females (log transformed) was higher as food became more clumped (treatment, F ¼ 19.853, d.f. ¼ 2, 156, P ¼ 0.0001; sites, F ¼ 3.099, d.f. ¼ 3, 156, P ¼ 0.028; interaction, F ¼ 1.482, d.f. ¼ 6, 156, P ¼ 0.19; all post hoc Fisher planned least significant difference tests significant at P , 0.02 for treatment's effect; Fig. 1a) . The treatment increased the proportion of female groups that were defended by an adult male (harems), from 59.09% (n ¼ 22) Effects on males.-The mean number of males recorded at every observation site changed from 2.25 6 1.48 in the control situation to 6.50 6 1.9 when food was supplied in a dispersed pattern and to 6.55 6 4.39 in a clumped pattern. The increment was significant (square-root transformed data) when food was provided (dispersed and clumped compared to control), although there was no difference between the 2 patterns of food supplementation (F ¼ 7.791, d.f. ¼ 2, 22, P ¼ 0.003; post hoc Fisher planned least significant difference test: control compared to dispersed, X X diff. ¼ À1.097, P ¼ 0.003; control compared to clumped, X X diff. ¼ À1.018, P ¼ 0.002; dispersed compared to clumped, mean diff. ¼ À0.078, P ¼ 0.80).
Focal observations on males lasted on average 12.46 (65.39) min. Aggressive interaction rate per focal male and hour increased with supplementary food (Kruskal-Wallis, H ¼ 14.432, d.f. ¼ 2, P ¼ 0.0007; Fig. 2a ), but again there was no difference between the 2 patterns of food supplementation (Mann-Whitney U-tests: control versus dispersed: U ¼ 162.5, d.f. ¼ 22, 28, P ¼ 0.0004; control compared to clumped:
Stepwise regression showed that male census size was a better predictor than female census size for the rise of aggressive interactions per male (r ¼ 0.531; male census: F ¼ 6.662; d.f. ¼ 1, 17, P ¼ 0.019; female census: partial F ¼ 0.140; P . 0.05). Sexual harassment rate performed by males increased with supplementary food (Kruskal-Wallis, H ¼ 7.187, d.f. ¼ 2, P ¼ 0.028; Fig. 2b ). This increase was significant between control and dispersed treatment (Mann-Whitney U-test: U ¼ 185, d.f. ¼ 22, 28, P ¼ 0.012) although only marginally significant between control and clumped after Bonferroni correction (Mann-Whitney Utest: U ¼ 153, d.f. ¼ 22, 22, P ¼ 0.028; condition for significance after Bonferroni test: P , 0.025), and there were no significant differences between the 2 experimental treatments (U ¼ 294, d.f. ¼ 22, 28, P ¼ 0.78). Harassment rate by Roaring rate was not significantly different between treatments, but differences resulted significant between observation sites, and the interaction between both variables was not significant (2-way ANOVA: roaring rate,
Individual males differed highly in their roaring rates (range: 0.62-1.24 roars per minute; F ¼ 5.075, d.f. ¼ 12, 92, P , 0.0001).
Effects on degree of polygyny.-The mean size of harems obtained by males was smaller in the control situation, and there were no differences in harem size between supplementary food treatments (treatments,
.f. ¼ 6, 43, P ¼ 0.69; post hoc Fisher planned least significant difference test: control compared to dispersed, X X diff. ¼ À0.500, P ¼ 0.0009; control compared to clumped, X X diff. ¼ À0.582, P ¼ 0.0003; dispersed compared to clumped, X X diff. ¼ À0.082, P ¼ 0.48; Fig. 3a) .
The variance in harem size was significantly higher when food was clumped, although the difference between the control and dispersed situations was not significant (F-Snedecor test: control compared to clumped, F ¼ 0.079, P ¼ 0.0003; dispersed compared to clumped, F ¼ 0.203, P ¼ 0.0008; control compared to dispersed, F ¼ 0.389, P ¼ 0.01; Fig. 3b ).
DISCUSSION
Effects on the behavior of females.-Food supplementation affected the distribution of females and then males, as predicted by models for females and males in breeding systems with no male parental care (Davies 1991; Emlen and Oring 1977) . It has been shown that female distribution in red deer can also be affected by male distribution (Carranza and Valencia 1999) , so there must be other associated costs or benefits. Sexual harassment has been argued to be one of the main reasons for females to aggregate in clumps in some polygynous mammals (Cassini 1999 (Cassini , 2000 , and some works have stressed its possible role in the evolution of clumps of territories or leks in ungulates , 1993 . In support of this, we need clear data on whether females actually experienced a lower rate of harassment when they join larger harems or particular male territories (Carbone and Taborsky 1996) .
Our experiment showed that when females joined larger harems at supplementary feeding areas, they experienced a lower per capita harassment rate, despite the increased number of harassing males. The most likely reason for this is that the increase in the number of cases of harassment gets diluted among a larger number of females (Hamilton 1971 ). There should also be an effect of the activity of harem holders in preventing access to females by other males. Carranza and Valencia (1999) showed that females experienced a lower harassment rate when their harem was bordered by other harems, probably because of the difficulties subordinate males experienced to successfully enter a harem placed at the inner part of a clump of harems.
Females might experience a trade off between food resources and harassment if clumped females experienced lower harassment but higher feeding competition, which could limit the optimal degree of aggregation. This is likely the situation for females that forage during the mating season in natural grazing areas, as suggested by Carranza and Valencia (1999) and Valencia (1999) . Our results show that both food presence at patches and harassment avoidance act in the same direction regarding grouping behavior, which indicates that the even distribution of scarce food resources may actually limit the tendency of females to join very large harems.
That females benefited from a reduced harassment rate when joining larger harems does not rule out the possibility of genetic benefits from mating with the most competitive males. Both kinds of benefits may act in concert in many mating systems (e.g., Wiley and Poston 1996) , and it becomes difficult to distinguish between them (Carbone and Taborsky 1996; Clutton-Brock et al. 1996) . Data presented here demonstrate that the degree of female clumping was greatly modified according to the change in distribution of resources. The pattern of food distribution affected the level of harassment performed by males, but it is unlikely to affect female preferences for particular males. This suggests that, at least in our study area, direct benefits may play a predominant role over genetic ones in determining the distribution of females among harems.
Effects on behavior of males. demonstrated for Iberian red deer that supplementary feeding can promote a change in the mating strategy of males, from following mobile harems to defending small territories in areas where food is supplemented and females are concentrated. Territory defense is a more costly strategy for males because of the increase in number of aggressive interactions between them, but at the same time it is highly beneficial for those few males that succeed in monopolizing the most females .
Our results for different degrees of food clumping demonstrate both that supplementary food produced an increase in the number of males in the area and that the higher spatial clumping of food did not lead to new increases in number of males once supplementation itself produced female concentration. The same pattern was observed with respect to number of aggressive interactions and rate of sexual harassment performed by males. The rate of aggressive interactions should be related to the costs of territory defense for males (Carranza et al. , 1996 .
Our results demonstrate that food clumping can increase male competition and daily costs of territory tenure. The finding that the magnitude of change was not affected by degree of spatial clumping of supplemented food might be due to the small difference between our clumped and dispersed patterns. Perhaps both treatments actually represent a quite high clumping of food in comparison with the natural situation in the study area.
Roaring rates changed neither between control and treatments nor between treatments. However, they were different between observation sites, most likely because they differed between individual males. Rates of roaring have been demonstrated to serve as a reliable signals of competitive ability directed to rivals (Clutton-Brock et al. 1979 ) and probably also to females (McComb 1991; Reby et al. 2001) . For a signal to reliably indicate competitive ability, we should not expect it to be easily modulated according to external conditions but rather to reflect individual differences (e.g., Grafen 1990) .
Effects on the degree of polygyny.-Variations in behavior of males and females affected some parameters of the mating system. Thus, harem size increased when providing food, although it was not different between the 2 degrees of food clumping. Spatial distribution of food had a clear effect on dispersion of females. Clumped food caused females to aggregate in a small area, thus creating groups of greater size.
The sample size obtained for groups of females with a male (harems) was reduced, however, which could be the reason that the tendency to increase harem size between degrees of food clumping was not statistically significant.
Degree of polygyny (as denoted by variance in harem size) significantly increased with our experimental treatments. This also suggests that changes in dispersion of supplementary food may affect the opportunity for sexual selection (Lande 1981) . Clumping of food, and hence females, during the mating season naturally occurs in Mediterranean areas (Carranza et al. 1996; Carranza and Valencia 1999) . Female aggregations at food patches may naturally increase the variance in mating success of males with respect to other populations of this species. The results indicate that degree of polygyny in our study population may be limited mostly by scarcity and even distribution of resources and, importantly, that natural changes in abundance and distribution of food, caused, for instance, by interannual differences in precipitation, can greatly modify grouping behavior of red deer females during the mating season and affect in turn the degree of polygyny and the intensity of selection.
RESUMEN
La dispersión espacial de los recursos influye en el sistema de apareamiento porque afecta a la distribución de las hembras y por tanto a las estrategias de los machos. Sin embargo, el comportamiento de las hembras durante el celo puede estar también influido por otros factores diferentes a los recursos, como por ejemplo las interacciones entre machos y hembras, y a menudo es difícil separar ambas causas. En este trabajo llevamos a cabo un experimento durante la época de celo del ciervo (Cervus elaphus hispanicus), en el que aportamos alimento en dos grados distintos de dispersión espacial, para observar si los cambios en su distribución en un período corto de tiempo pueden afectar al comportamiento espacial de la hembras o a otras características del sistema de apareamiento. La concentración del alimento produjo un incremento en la densidad de hembras y en el tamaño de grupo en que éstas se reunían. También produjo un incremento en el nùmero de machos adultos, en el nùmero de interacciones entre machos, y en el nùmero de acosos hacia las hembras. A pesar de que la tasa general de acosos aumentó al concentrar el alimento, las hembras recibieron una menor tasa de acosos por individuo al reunirse en harenes mayores. La varianza en el tamaño de harén aumentó con la concentración de alimento. Los resultados destacan la importancia relativa de los beneficios directos (alimento y evitación del acoso sexual) en moldear las condiciones bajo las que actúa la selección durante la época de celo del ciervo en Iberia.
